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The in vivo NRA of parasites and hosts have been 
investigated in their natural habitat. Based on existing 
methodology an in vivo method was developed for three 
different host species, namely Helianthus annuus L, Vigna 
unguiculata L. and Zea mays L This standardized in vivo 
method was subsequently applied on all hosts as well as 
parasites. Significant levels of NRA were demonstrated for 
the stem parasites, while the root parasites generally 
showed no NRA. All the hosts, however, exhibited NRA, 
although to a lesser extent in some cases. 
s. Afr. J. Bot. 1986, 52: 81 - 84 
Die in vivo-NRA van parasiete en gashere in hul natuurlike 
omgewing is ondersoek. 'n In vivo-metode wat op 
bestaande metodiek gebaseer is, is vir drie verskillende 
gasheer-spesies, naamlik Helianthus annuus L., Vigna 
unguiculata L. en Zea mays L aangepas. Hierdie 
gestandaardiseerde in vivo-metode is daarna op aile gashere 
en parasiete toegepas. Die stingelparasiete se NRA was wei 
betekenisvol, terwyl die wortelparasiete in die algemeen 
geen NRA getoon het nie. AI die gashere het egter wei 
NRA, alhoewel soms min, getoon. 
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Introduction 
Although a considerable amount of work has been done on 
the translocation of metabolites from host plants to some 
species of higher plant parasites, very few of them [Tapinan-
thus bangwensis (Eng!. & K. Krause) Danser, Nuytsia flori-
bunda (Labill.) R.Br., Atkinsonia ligustrina (A. Cunn. ex F. 
Muell.) F. Muel!., Cuscuta reflexa Roxb., Striga asiatica (L.) 
Kuntze, Striga gesnerioides (Willd.) Vatke ex Eng!., Striga 
hermonthica Benth. and Odontites verna (Bell.) Dum.] have 
until now been investigated for their ability to transport and 
utilize inorganic nitrogen. The unequivocal translocation of 
various organic and inorganic compounds from the host into 
the parasite (Rogers & Nelson 1962; Okonkwo 1966; Govier 
et al. 1967; Govier et al. 1968; Kuijt 1969; Ismail & Obeid 
1976; Wolswinkel 1979; Gouws et al. 1980; Renaudin & 
Larher 1981) has led to the general conclusion that the latter 
to a large extent requires nutrients as well as various growth 
substances from its host. It has also been suspected by Govier 
et al. (1967), Stewart & Orebamjo (1980) and Renaudin & 
Larher (1981) that the main requirement from a host might 
be organic nitrogenous compounds. 
The latter observations have led to the question whether 
parasitic plants still have the potential to reduce inorganic 
nitrogen. This investigation therefore surveyed the NRA of 
some South African parasitic plants to gain a better under-
standing of their nitrogenous requirements and host 
dependence. 
Materials and Methods 
Plants were collected in their natural habitat, except for 
Alectra vogelii Benth., Alectra orobanchoides Benth., Buttonia 
superba Oberm., Striga asiatica and S. gesnerioides. These 
plants were grown as close to natural conditions as possible 
(without the application of nutrient solution) in a growth room 
with a day/night temperature regime of 28/21 DC, light 
intensity of 6 000 lux and photoperiod of 16 h . 
. Plant material was usually harvested between 09hoo and 
IOhoo upon which the assay was undertaken. 
A modified in vivo method based on that of Aparicio-Tejo 
& Sanchez-Diaz (1982) was applied on both parasite and host. 
Apical leaves were cut into discs of 2 mm2. Leaf discs (0,1-
0,3 g) were immediately infiltrated under vacuum in 50 cm3 
Erlenmeyer flasks, each containing 10,5 cm3 of the following: 
50 mmol dm - 3 phosphate (Na2HP04.12H20 - KH2P04) 
buffer at pH 7,5; 0,1 mol dm - 3 KN03 and 0,1 0J0 (v/v) Triton 
X-loo. Leaf discs were cut at SoC and infIltrated at O°c. After 
rinsing the discs with 50 mmol dm - 3 phosphate buffer they 
were transferred to the incubation medium containing 5 cm3 
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identical solution but excluding Triton X-l00. Oxygen was 
again removed by vacuum and replaced by nitrogen. The flasks 
containing the media and tissue samples were then wrapped 
in aluminium foil and incubated in a water bath at 30°C with 
gentle shaking for two hours. 
After incubation the medium was filtered through gauze 
and 2 x 1 cm3 aliquots were removed for nitrite deter-
mination. Nitrite present was estimated by adding 1 cm3 of 
1070 (w/v) sulphanilamide in 1,75 mol dm- 3 HCI, 1 cm3 of 
0,01 % (w/v) N-(1-naphthyl) ethylenediamine dihydrochloride 
and 5 cm3 H20. Absorbance was read at 540 nm with a 
SP8-400 UV /VIS spectrophotometer after 60 min. 
The control treatments included H20 instead of KN03 in 
the infiltration and incubation media. The NRA was expressed 
as nmole nitrite formed per gram fresh weight per hour after 
NRA's of the control treatments were substracted. 
Results and Discussion 
Stem parasites 
All the investigated stem parasites showed some amount of 
NRA, ranging from 1,42 - 238,00 nmole N02- g f. w. - 1 h - 1 
(fable 1). There would not appear to be any correlation with the 
degree of parasitism as the achlorophyllous holoparasitic Cus-
cuta campestris Junk. exhibited a NRA of 3,02 nmol N02- g 
f.w. - I h - I compared to the obviously green Cassytha ciliolata 
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Nees (6,96 nmole N02- g f.w. - 1 h -I), although the specific 
developmental phase of the plants at sampling could have 
influenced the NRA. In both these instances leaves have been 
reduced to scales so that the plant itself mainly consists of 
stems apart from the haustorial attachment. Among the 
obviously leafy Loranthaceae a wide range of NRA was also 
evident. 
Two different situations were investigated in the case of Ta-
pinanthus leendertziae (Sprague) Wiens, namely situation (a) 
where the parasite almost totally dominated the host and (b) 
where the parasite made out only a small part of the parasite -
host association. In both cases the host was Acacia karroo 
Hayne. The degree of dominance in the former situation was 
such that the host was apparently kept alive by the parasite 
solely to serve as a system to obtain water and dissolved nutrients 
from the soil. In this instance NRA amounted to 6,81 nmol 
N02- g f.w. -I h -I, while in the case where the parasite con-
stituted only a relatively small part of the host - parasite 
association NRA of the parasite reached 23,40 nmole N02- g 
f. w. - 1 h - I. In the second situation (large host in comparison 
to parasite) the total leaf area of the host was estimated to 
be at least 1 000 times larger than that of the parasite, while 
in the first situation the ratio of host to parasite was almost 
reversed. 
The difference in NRA in this case might have been owing 
Table 1 In vivo NRA of some stem parasites and hosts under natural (field) conditions 
(parasite families within each category were classified according to the system of 
Engler) 
Develop-
Parasite family Parasite species mental Part of 
phase of plant and NRA (in nmole 
Host family Host species parasite state N02- g f.w. - I h - I ) 
Loranthaceae Tapinanlhus leendertziae Flowering Leaves 6,81 ± 0,55 
(Sprague) Wiens (a) 
Fabaceae Acacia karroo Hayne Leaves 0,00 
(small cpo to parasite) 
Loranthaceae Tapinanthus leendertziae (b) Flowering Leaves 23,40 ± 2,19 
Fabaceae Acacia karroo (large cpo to parasite) Leaves 5,43 ± 1,65 
Loranthaceae Tapinanthus leendertziae (c) Flowering Leaves 2,99 ± 0,63 
Rosaceae Cotoneaster sp. (large cpo to parasite) Leaves 1,49 ± 0,76 
Loranthaceae Moquinella rubra (Spreng. f.) Balle Flowering Leaves 238,00 ± 18,20 
Fabaceae Acacia karroo Leaves 11,30 ± 1,56 
Viscaceae Viscum rotundijolium L. f. Vegetative Leaves 
(green) 3,47 ± 0,94 
Leaves 
yellow) 1,42 ± 0,46 
Celastraceae May tenus oleoides (Lam.) Loes. Leaves 29,60 ± 0,35 
Lauraceae Cassytha ciliolata Nees Flowering Stem 
(green) 6,96 ± 0,95 
Stem 
(yellow) 21,40 ± 5,17 
Anacardiaceae Rhus angustijolia L. Leaves 34,00 ± 1,70 
Convolvulaceae Cuscuta campestris Junk. Vegetative Stem 3,02 ± 1,43 
Solanaceae Nicotiana tabacum L. Leaves 326,00 ± 19,10 
Mean: Parasites 41,55 
Hosts 58,26 
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to the fact that the root system of the host tree dominated 
by the parasite was metabolically starved and consequently 
only a limited amount of nitrate was taken up from the soil 
and canalised to the parasite. Nitrate reductase (NR) being 
inducible, would in this particular instance only be partly 
stimulated whereas in the case of the parasite growing on a 
very large host with a well developed root system, a larger 
amount of nitrate could have been taken up from the xylem 
sap of the host. This could obviously have resulted in a higher 
NRA. However, in view of the current views on organic 
nitrogenous compounds being transferred from the host into 
the parasite (Stewart & Orebamjo 1980; Renaudin & Larher 
1981), T. leendertziae (b) would have been expected to have 
less NRA, because of the greater source of organic nitrogenous 
compounds available. This could also be the case for T. 
leendertziae (c) parasitising Cotoneaster. 
Root parasites 
In the case of the root parasites NRA could only be 
demonstrated for A. vogelii and S. asiatica (Table 2) . These 
results suggest that these parasites have the potential to reduce 
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inorganic nitrogen. It must be pointed out, however, that these 
two species, together with A. orobanchoides, B. superba and 
S. gesnerioides were grown in a growth room. Even though 
conditions as close to the natural situation were maintained 
in the growth room, they were strictly speaking not 
comparable to those collected from natural field conditions. 
For the rest, NRA could not be detected in any of the 
investigated root parasites. This might have been because the 
parasite obtained sufficient reduced nitrogen from the roots 
of the host. The hosts of the root parasites generally showed 
appreciable NRA, with an average value for all hosts 
investigated amounting to 234,79 nmole N02- g f. w. - 1 h - 1. 
This NRA was determined in the leaves, indicating that the 
substrate nitrate had to be xylem translocated into the leaves. 
Because of the well established xylem continuity between 
parasite and host the parasite obviously absorbed some nitrate. 
Yet, almost no NRA is generally detected in the parasite. This 
anomaly can only be explained by the fact that the root 
parasite may have lost, for the greater part, its ability to reduce 
nitrate. 
Table 2 In vivo NRA of some root parasites and their hosts under natural (field) 
conditions (parasite families within each category were classified according to the 
system of Engler) 
Develop-
Parasite family Parasite species mental Part of 
phase of plant and NRA (in nmole 
Host family Host species parasite state N02- g f.w. - I h - I ) 
Santalaceae Thesidium fragile Sond. Flowering Stems & 
leaves 0,00 
Asteraceae Metalasia muricata (L.) D. Don. Leaves 11,30 ± 0,35 
Santalaceae Colpoon compressum Berg. Reproductive Leaves 0,00 
Asteraceae Chrysanthemoides monilifera Leaves 0,89 ± 0,17 
(L.) Nor!' 
Scrophulariaceae Alectra vogelii Benth. Vegetative Leaves 0,35 ± 0,00 
Fabaceae Vigna unguiculata L. Leaves 575,00 ± 24,70 
Scrophulariaceae Alectra orobanchoides Benth . Flowering Leaves 0,00 
Asteraceae Helianthus annuus L. Leaves 293,00 ± 90,90 
Scrophulariaceae Buttonia superba Oberm. Vegetative Leaves 0,00 
Lamiaceae Coleus blumei Benth. 
Scrophulariaceae Striga asiatica (L.) Kuntze Flowering Leaves 172,00 ± 58,00 
Poaceae Zea mays L. Leaves 788,00 ± 26,20 
Scrophulariaceae Striga gesnerioides (Willd.) 
Vatke ex Eng!. Flowering Stem & 
leaves 0,00 
Solanaceae Nicotiana tabacum L. Leaves 184,00 ± 32,90 
Scrophulariaceae Hyobanche sanguinea L. Flowering Leaves 0,00 
Stem 0,00 
Asteraceae Metalasia muricata L. Leaves 15,10 ± 1,30 
Orobanchaceae Orobanche minor Sutton Flowering Leaves 0,00 
Pith, hyaline 
body 0,00 
Cortex 0,00 
Araliaceae Hedera helix L. Leaves 11,00 ± 3,40 
Mean: Parasites 19,15 
Hosts 234,79 
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Hosts 
All host species generally exhibited NRA to some extent. These 
values are not exceptionally high, ranging from 0,89 - 788,00 
nmole N02- g L w. - 1 h - I, probably mainly because the sub-
strate was not fully available owing to the rather nitrate 
deficient South African soils (Jenny 1941; Hagen & Tucker 
1982). The hosts of the Loranthaceae were also found to have 
less NRA than the respective parasites. This tendency is in 
agreement with the findings of Stewart & Orebamjo (1980) 
working with Tapinanthus bangwensis on different hosts. 
However, although the NRA's per leaf mass are less than 
those of the parasites, the total NRA of the hosts of T. 
leendertziae (b) and (c) and M. rubra had to be much higher 
than those of the parasites, considering the greater total leaf 
areas of the hosts. 
Hosts supporting stem parasites generally showed very 
much less NRA (58,26 nmole N02- g Lw. - I h -I), in com-
parison to those supporting root parasites (234,79 nmole 
NOz- g Lw. - I h- I ). 
Conclusions 
From the results obtained in this investigation it may be 
concluded that stem parasites, in general, have the ability to 
reduce nitrate (41,55 nmole NOz- g Lw. - I h - I ). The 
NRA may vary considerably, but owing to the inducible 
nature of the NR-enzyme, it could attain appreciable activity. 
Contrary to stem parasites, root parasites with the exception 
of S. asiatica, commonly appear to have very low levels of 
NRA (19,15 nmole NOz- g Lw. -I h -I). This might be the 
result of the process of evolutionary adaptation during which 
the parasites might have partly lost their ability to reduce 
nitrate. 
Hosts on the whole, exhibited definite albeit low NRA, 
resulting in the presence of reduced nitrogenous compounds 
in the xylem sap which might have contributed to the low 
NRA usually found in the parasite. 
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